The yield potential of spring planted maize is much higher than autumn crop. Heat stress at during anthesis and grain formation stage is one of the main hindrances in its spring cultivation especially under late sown conditions but early sowing seems an ideal solution to escape from heat spell which may cause poor stand establishment. Both temperature extremes cause oxidative stresses and potassium application may lessen the damage. The present paper aims to contribute the role of potassium application in alleviation of oxidative damage and improvement in stress tolerance of early and late sown spring maize. The experiment was carried out in randomized complete block design (RCBD) with split plot arrangement randomizing the sowing dates Early, Mid and Late in main plots and potassium levels K 0 (0), K 1 (100) and K 2 (200 kg ha -1 ) in sub-plots. Data on growth parameters were recorded fortnightly starting from 30 to 90 days after sowing by using standard procedure while relative water and chlorophyll contents, peroxidase (POD) and catalase (CAT) activities were measured at both tasselling and blister stage. Growth was reduced under both early and late sown conditions but potassium application improved it by enhancing antioxidants defense system which protects leaf chlorophyll contents under early and late sown conditions. Furthermore, antioxidants like CAT and POD activities were increased while SOD/[POD+CAT] were decreased with increase in potassium and age. It is suggested that 100 kg ha -1 potassium reduced oxidative damage and improved stress tolerance of spring maize.
Introduction
The yield potential of spring maize is much higher than autumn sown maize but higher temperature at reproductive stage is a severe constraint to achieve its yield potential. Maize, being monoacious is extremely sensitive to higher temperature and drought stress during flowering and grain formation (Johnson and Herrero, 1981) . The heat stress produces reactive oxygen species (ROS) which causes oxidative damage to various macromolecules as well as cellular structures (Noctor and Foyor, 1998; Apel and Hirt, 2004) . Important functional units especially photosynthetic apparatus also become susceptible to negative effects of low temperature (Janda et al., 1994) .
Early sowing of spring maize crop can be an adaptive strategy to avoid the lethal heat period during anthesis and seed maturity. Temperature extremes are still a serious problem and are important factors contributing to crop yield losses.
For maize grown in Pakistan, early sowing may improve yield but faced with low temperature during initial growth stage and heat stress at reproductive stage are main challenges to maize production. Inevitably both these temperature extremes leads to oxidative stress in plant cell due to higher leakage of electrons towards O 2 during photosynthesis and respiration processes leading to higher production of ROS (Asada, 1999) . ROS like O 2 -, H 2 O 2 and OH-radicals can directly attack membrane lipids, inactivate metabolic enzymes and nucleic acid leading to cell death (Ouchi et al., 1990) . Being toxic to cells, ROS are eliminated by enzymatic and non-enzymatic antioxidants (Noctor and Foyer, 1998) . E-mail: bjsir07@gmail.com *Corresponding author. e-mail: ijazscogujrat@gmail.com Potassium (K) plays an important role in balancing membrane potential and turgor, activation (Tisdale et al., 1990) and stabilization of enzymes (Balasubramian and Palaniappan, 2001) , regulation of osmotic pressure and stomatal movement (Cherel, 2004) . Soleimanzadeh et al. (2010) reported that higher levels of (K) induced drought tolerance in sunflower through enhancing antioxidant activities and reducing membrane damage. It regulates photosynthesis, nutrient uptake, assimilate transport and enzyme activation for protein synthesis (Meille and Pellerin, 2004 ). This study is based on the rationale that pentose phosphate pathway may play a crucial role under low temperature stress in maize and as a result, K can effectively counter oxidative stress within the cell during both low and high temperature stress through stimulation of the antioxidant enzyme response. Therefore, the present study was aimed at exploring the role of K application in alleviation of oxidative damage and improvement in stress tolerance and growth of early and late sown spring maize.
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Materials and methods
Sowing and experimental design
The experiment was carried out in randomized complete block design (RCBD) with split plot arrangement randomiz- Total dry matter (TDM), leaf area index (LAI) and relative water content (RWC) were measured at 15 days interval starting from 30 days after sowing and ending up to 90 days after sowing by using standard procedure. Data on dry matter accumulation per plant and RWC and superoxide dismutase (SOD) activity of ear leaves were analyzed at 60 and 75 days after sowing (DAS). The procedures adapted for measuring different physiological and biochemical parameters are briefly described below.
Chlorophyll content
The fresh leaves were cut into 0.5 cm segments and extracted overnight with 80% acetone at -10 o C. After incubation, the extract was centrifuged at 14000-x g for minutes and chlorophyll were determined by using a spectrophotometer (T 60 spectrophotometer). The absorbance of solutions was measured at 645 and 663 nm and chlorophyll a and b contents were calculated by Nagata and Yamashita (1992) formulae and total chlorophyll by summation of a and b.
Antioxidant enzyme assay
To extract antioxidant enzymes, 0.5 g fresh leaves randomly
sampled from plants in each pot were ground using a tissue grinder in 8 mL of cooled phosphate buffer (pH 7.0, containing 1% (w/v) polyvinyl pyrrolidone) and 0.2 g quartz sand in test tubes that were placed in an ice bath. The homogenate was centrifuged at 15000-x g for 20 minutes at 4 o C. The purified extracts were assayed for enzyme activity. Catalase (CAT) and peroxidase (POD) activities were measured using the method of Chance and Maehly (1955) with modification where H 2 O 2 was followed spectrophotometrically at 240 nm and read every 20 s. One unit CAT activity was defined as an absorbance change of 0.01 units per minute. The POD reaction solution (3 mL) contained 50 mM sodium acetate buffer The activity of each enzyme was expressed on a protein basis.
Statistical analysis
The data collected were analyzed statistically using Fisher's analysis of variances technique and treatment means showing F-values significant were compared by using least significant difference test at 0.05 probability level (Steel et al., 1997) .
Results and discussion
Plant growth
TDM and LAI of spring maize were increased with age of plant while LAI declined afterwards at 75 DAS ( Fig.1 and   2 ). The poor and steady early seedling growth in terms of TDM and LAI were observed at 30 and 45 DAS when crop was planted on 1st February and subjected to low temperature.
15th March planted crop have comparatively higher growth and faster at 30 DAS and 45 DAS than optimum planting ( Fig. 1 and 2) . Lower TDM and LAI were produced under stressful environmental condition but K application improved them even under stressful conditions of early and late planting (Table III and IV) . Since plant absorbs the bulk of K + from soil to maintain growth and development (Maathuis and Sanders 2006) , increased TDM in maize with K application under low and high temperature stress during early and late sown conditions might be due to induced carboxylation efficiency.
Higher K level has been known to enhance photosynthesis which was depicted with increased chlorophyll contents and enhanced antioxidant activity. These results were also supported by Kafkafi (1990) who also reported increased K application alleviate adverse effects imposed by both extremes of temperature.
Chilling / low temperature in maize is known to reduce the leaf size which lowers the cell division and elongation (Salah and Tardieu, 1995) . LAI reduced in early planting maize may be attributed to chilling but adequate K increased LAI by mitigating adverse effects of low temperature on leaf turgor and cell wall extensibility (Table III and 
Antioxidant activities
Both CAT and POD activities were reduced during stressful conditions of early (1st February) and late (15th February) planting while K application increased these antioxidant enzyme activities (Table V and VI). The reduction of CAT and POD activities might be due to differential environmental conditions. The higher activities of both enzymes were observed when crop later planted as well as in later stage than early planting. K application induced CAT and POD activities when planted in different sowing dates at both stages (Table V) . As CAT and POD are involved in detoxifying and scavenging the product of oxidative stress like H 2 O 2 , the increased CAT and POD activities with potassium application help in reducing the adverse effects of oxidative damage. It is in good agreement emphasizing the role of potassium in alleviating adverse effects of a number of abiotic factors on crop production (Ismail, 2005; Sairam et al., 1997; Cakmak, 2005) .
SOD/[CAT+POD] leaf activity ratio
Although SOD is not the only H 2 O 2 -producing enzyme in plants, the balance between the activity of this enzyme and that of the H 2 O 2 -scavenging enzymes in cells has been considered to be crucial in determining the levels of O 2 and H 2 O 2 (Badawi et al., 2004) . It was observed that SOD/[CAT+POD] leaf activity ratio was increased at tasselling and blister stage when subjected to low and high tem perature, respectively (Table V and VI) . Potassium application reduced this activity ratio at both stages of maize crop.
It is therefore suggested that the balance between the activity of H 2 O 2 -producing enzymes and that of the H 2 O 2 -scavenging enzymes plays important role in providing a plant defense mechanism against stress induced oxidative damage.
Therefore, the induction of this anti-oxidative defense mechanism could reflect a plant threats imposed by both temperature extremes. Figures sharing same letter did not significantly different with each other at 0.05 probability.
Chlorophyll contents
Early and late planting reduced ear leaf chlorophyll contents but K application promoted them at both tasselling and blister stage. These chlorophyll contents were declined with age in both early and late planted maize. However, K application significantly increased chlorophyll contents in ear leaf at both tasselling stage and blister stage at each sowing dates ( (Table VI) . The visible symptoms of injury observed in this investigation as chlorosis may be related to the chlorophyll loss (Table VI) .
Most researchers connected the reduction of chlorophyll in stressed plants to its biosynthesis (Ahmad et al., 2013 (Ahmad et al., , 2014 and 2015) while potassium application increased chlorophyll contents in ear leaf during tasseling and silking stage under both normal and stressful conditions of early and late planting (Table VI) . In this connection, Wahid et al. (2007) also reported that a typical sign of chilling and heat stress is visible loss of chlorophylls in leaves of maize and that growing of maize under both temperature extremes showed deleterious effect in photosynthetic processes like reduction of photosynthetic pigments. The visible symptoms of injury observed in this investigation as chlorosis may be related to the chlorophyll loss (Table VI) . Most researchers connected the reduction of chlorophyll in stressed plants to its biosynthesis (Ahmad et al., 2013 (Ahmad et al., , 2014 (Ahmad et al., and 2015 while potassium application increased chlorophyll contents in ear leaf during tasseling and silking stage under both normal and stressful conditions of early and late planting (Table VI) . In this connection, Wahid et al. (2007) also reported that a typical sign of chilling and heat stress is visible loss of chlorophylls in leaves of maize and that growing of maize under both temperature extremes showed deleterious effect in photosynthetic processes like reduction of photosynthetic pigments.
Relative water content
Relative water content (RWC) is an appropriate trait of plant water status in term of physiological consequence of cellular water deficit. RWC was decreased with increase in temperature and age of plants. Comparatively higher RWC was recorded when crop planted on 1st February than 22nd
February and 15th March planted crop at tasselling and silking stage. High temperature is generally characterized in decreasing the RWC, resulting in wilting, stomatal closure and reduced growth (Lawlor and Cornic 2002) . Potassium application significantly increased RWC at lower temperature rather than higher temperature (Table VI) . Such increase with potassium fertilization may be ascribed to increase osmolytes accumulation in cell which play a major role in osmotic adjustment and also protect by scavenging reactive oxygen species (ROS). Previously, Fanaei et al. (2009) reported that potassium application caused increased RWC at stressful condition in oilseed crops.
Conclusion
The findings of this study clearly indicate the direct physiological and biochemical effects of K application in enhancing seedling establishment under chilling and heat stress in spring maize cultivation. Both levels of K application 
